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Abstract Over the last 30 years, terrestrial ichnofossil research was mostly focused on three 
ichnofacies: the Scoyenia ichnofacies, characterizing transitional fluvio-lacustrine environments, 
the Mermia ichnofacies, characterizing fully lacustrine settings, and the Termitichnus ichnofacies, 
characterizing terrestrial environments, especially, paleosol deposits. Specially in China, many 
terrestrial ichnofossils, including at least 24 ichnogenera from fluvial deposits and 59 ichnogen‑
era from lacustrine deposits, have been found in Mesozoic and Cenozoic basins. Most of them 
belong to the common elements of the three ichnofacies and consist of feeding, grazing, crawling, 
dwelling, and resting traces and rhizoliths. Based on the composition, occurrence and distribution 
characteristics of trace fossils from terrestrial sedimentary basins of China, 36 ichnoassemblages 
have been proposed. However, the most common 12 ichnoassemblages, in which six are found 
in fluvial sedimentary environments from the Upper Cretaceous of the Sichuan Basin in west‑
ern China and Xixia Basin in western Henan Province, include: (1) Scoyenia-Rusophycus ich‑
noassemblage generated in the floodplain along channels and the shallow water swales or lakes 
(such as oxbow lakes); (2) Skolithos-Arenicolites ichnoassemblage produced in the high energy 
sandy bar (heart bar or point bar) of the channel environment; (3) Gastruichnus-Palaeophycus 
ichnoassemblage developed in the channel‑levee environment; (4) Beaconites-Taenidium ich‑
noassemblage occurring in the embankment (crevasse splay) sedimentary environment; (5) Bea-
conites-Rhizolithos ichnoassemblage appearing in the floodplain sedimentary environment, and 
(6) Beaconites-Scoyenia ichnoassemblage distributed in the periodically exposed overbank lake 
(extremely shallow lacustrine) sedimentary environments. The other six ichnoassemblages are 
found in lacustrine sedimentary environments: (1) Scoyenia-Skolithos ichnoassemblage always 
developed in periodically exposed, extremely shallow lakeshore and interdistributary bay of the 
lake delta plain under drought or semiarid climate conditions; (2) Palaeophycus-Arenicolites ich‑
noassemblage formed in the lakeshore to the upper part of the shallow lake, corresponding to the 
lake delta plain to delta front; (3) Planolites-Teichichnus ichnoassemblage generated in the lower 
part of the shallow lake, restricted lake bay or distal front delta; (4) Vagorichnus-Helminthopsis 
ichnoassemblage developed in the deeper lacustrine (profundal) turbidite sedimentary environ‑
ment; (5) Mermoides-Neonereites ichnoassemblage occurring in the quiet deep or deeper lacus‑
trine sedimentary environment; and (6) Semirotundichnus-Chondrites ichnoassemblage formed 
in even deeper lacustrine sedimentary environments with lower oxygen content.
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1 Introduction
Mesozoic-Cenozoic terrestrial deposits of China 
are extensively exposed. Large- and middle-scale dep-
ositional basins are distributed in the northeast, north, 
northwest, southwest and southeast of China. It is well 
known that the Mesozoic-Cenozoic basins are very 
important source areas of the fossil-fuel and mineral re-
sources in China. A lot of petroleum, natural gas and coal 
resources developed in the Songliao Basin, North China 
Basin, Jianghan Basin, Sichuan Basin, Erdos Basin, Ta-
rim Basin and Qaidam Basin. Within the last 30 years, 
there has been great progress in terrestrial ichnological 
research in China, with large numbers of trace fossils in 
fluvial or lacustrine sedimentary environments found in 
these basins (Figure 1). Until now, the research achieve-
ments mainly come from the Jiyuan Basin in the west-
ern Henan Province (Wu, 1985; Bromley, 1996; Buat-
ois et al., 1996; Hu et al., 2004; Zhang et al., 2005; Qi 
et al., 2007a), the Hefei Basin of Anhui Province (Jin, 
1987), the Mesozoic Basin of Sichuan Province (Hu et 
al., 1991; Hu and Wu, 1993), the Jiyang Depression of 
Shandong Province (Wang, 1996; Lü et al., 2003; Hu 
et al., 2005, 2006), the Dongpu Sag of eastern Henan 
Province (Wu et al., 1999), the Liaohe Basin of north-
eastern China (Li et al., 1997; Lu et al., 2003b), the Tuha 
Basin in Xinjiang Uygur Autonomous Region (Zhang et 
al., 2000), the Erdos Mesozoic Basin (Lu et al., 2003a), 
Xixia Basin of southwestern Henan Province (Zhang et 
al., 2004; Song et al., 2008) and Miyang Sag of southern 
Henan Province (Qi et al., 2007b). These studies primar-
ily concentrate on the genera and species description of 
trace fossils, the ichnoassemblage and ichnofabric analy-
sis, paleoenvironmental reconstruction and trace fossil 
application in energy exploration (Hu et al., 1997, 2002). 
From these studies, 36 kinds of ichnoassemblages and 
22 ichnofabrics have been identified and established, 
especially, the ichnoassemblages in deep-water lake fa-
cies of China (Hu et al., 2007) are different from those 
in other areas of the world. In addition, the terrestrial 
trace fossils include vertebrate footprints and dinosaur 
egg fossils (Du et al., 2002; Wang and Feng, 2008); fish 
swimming traces (Lu et al., 2003a) and insect trace fos-
sils in the wood substrate (Guo, 1991). Nowadays, the 
widely accepted terrestrial ichnofacies are the Scoyenia 
ichnofacies, Termitichnus ichnofacies and Mermia ich-
nofacies (Buatois and Mángano, 1995). The terrestrial 
trace fossils found in China mostly belong to these three 
ichnofacies.
1.1 Scoyenia ichnofacies
Previous studies indicate that the representative trace 
fossils in the Scoyenia ichnofacies are Scoyenia, Beaco-
nites, Ancorichnus, Taenidium, Palaeophycus, Cruziana, 
Rusophycus, Diplichnites, Umfolozia, Merostomichnus, 
Acripes, Siskemia and various footprints and crawling 
traces. At present, this ichnofacies is distinguished by ich-
noassemblages with Scoyenia gracilis and Ancorichnus 
coronus primarily, or other burrows of similar ethology. 
It is characterized by some burrows with crescent filling 
structures, and arthropod footprints are an important com-
position too. It is developed in the transitional zone be-
tween land and shallow water or temporarily submerged, 
which are characterized by nonmarine low energy envi-
ronment periodically exposed or extremely shallow water, 
specifically the fluvial floodplain, lake shore zone, dunes 
within a temporary lake and the supratidal zone. This ich-
nofacies is always associated with mud cracks, rain prints 
and rhizoliths.
1.2 Termitichnus ichnofacies
Based on the study of trace fossils in Late Pleistocene 
fluvial deposits of Namibia (Smith et al., 1993), this ich-
nofacies is represented by ichnoassemblages in terrestrial 
settings, especially paleosol deposits. Initially, this ich-
nofacies was proposed as an ichnosubfacies of Scoyenia 
ichnofacies. Generally, trace fossils of this ichnofacies 
include dwelling, feeding traces, reproduction structures, 
rhizoliths, footprints and coprolites, and the main ichno-
genera are Termitichnus, Edaphichnium, Scaphichnum, 
Celliforma, Macanopsis, Ichnogyrus, Coprinisphaera, 
Pallichnus, Daimonelix, Chubutoithes, Uruguay, Attaich-
nus and Syntermesichnus, exhibiting high to middle diver-
sity. The Termitichnus ichnofacies is always distributed in 
an entirely terrestrial environment, and includes all kinds 
of paleosols, erosion surfaces, fluvial plain, abandoned 
channel, floodplain, and dunes on beach with soft sandy 
or muddy substrates.
1.3 Mermia ichnofacies
On the basis of ichnoassemblage characteristics in tur-
bidites of the Carboniferous lacustrine deposits in Argenti-
na of South America, and integrated with ichnoassemblag-
es in lacustrine deposits of different ages from other areas 
in the world, Buatois and Mángano (1995) established the 
Mermia ichnofacies to represent a kind of ichnocoenoses 
in an entirely subaqueous lacustrine environment. The ich-
nofacies mainly consists of horizontal grazing or feeding 
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traces made by benthic deposit feeders, while crawling 
traces are less prominent. The trace fossils of the ichnofa-
cies show medium to high diversity and abundance, and 
the typical ichnogenera are Mermia, Gordia, Helminthop-
sis, Helminthoidichnites, Vagorichnus, Cochlichnus, 
Tuberculichnus, Planolites, Treptichnus, Maculichnus, 
Undichna and Palaeophycus. Generally, the trace fossils 
of this ichnofacies are preserved in pre- and post-event 
deposits and developed in soft substrate associated with 
fine-grained sediments in oxygen-rich and low-energy la-
custrine environment. It represents a stable condition with 
low depositional rates, which is disturbed by episodic tur-
bidity currents and underflows. In event deposits, parallel 
and graded beds, and tool marks are common. 
It should be noted that there are some similar trace fos-
sils between terrestrial and marine facies. This phenom-
enon may reflect similarities in trace makers and trace 
making behaviors in the two different realms. For exam-
ple, Cruziana is produced by trilobites in marine environ-
ments, whereas Isopodichnus is produced by Conchostra-
chans in fresh water environments. Both are produced by 
organisms with a symmetrical structure. Because of their 
similar trace morphology, some scholars equate Isopod-
ichnus with Cruziana. Hasiotis (1993) identified lobster 
burrows after analyzing the trace fossils in the Triassic 
fluvial and lacustrine deposits. The morphology of lobster 
burrows is similar to Psilonichnus made by arthropods or 
crabs on a beach. However, lobster burrows show some 
unique characteristics generated in non-marine environ-
ments. Therefore, a new ichnogenus named Camborygma 
is established for lobster burrows.
Compared with marine environments, the composition 
of trace fossils in terrestrial deposits is obviously differ-
ent, with different ichnoassemblages yielded in different 
lithofacies. There are vast contrasts in environmental fac-
tors between marine and terrestrial environments. Most of 
the terrestrial fauna are affected by temperature, precipi-
tation, soil humidity and water depth, and the ethology 
of trace makers change with subenvironments. Terrestrial 
environments are significantly influenced by climatic 
conditions, and water level, clarity, salinity, energy and 
oxygen content generally fluctuate with seasonal change. 
Figure 1 Localities of terrestrial trace fossils in China. D-Devonian; P-Permian; T-Triassic; J-Jurassic; K-Cretaceous; E-Eocene.
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Therefore, trace fossil and ichnoassemblage characteris-
tics are affected by environmental parameters such as the 
water level, soil or substrate properties, food webs, nu-
trient levels and environmental energy with a terrestrial 
imprint. 
2  Ichnoassemblages in fluvial deposits 
in China
The fluvial depositional system is an important con-
stituent of terrestrial facies, which includes straight chan-
nel, braided, meandering and anastomosed stream. The 
fluvial sedimentary facies includes four kinds of subfacies, 
namely, channel subfacies (including channel lag sedi-
mentary microfacies and point bar sedimentary or heart 
bar sedimentary microfacies), embankment subfacies 
(composed of natural levee and crevasse splay microfa-
cies), floodplain (flood basin) subfacies (made up of al-
luvial flat, overbank lake and back-swamp microfacies) 
and oxbow lake subfacies. All these subfacies generate 
paleosols that are disturbed by trace makers and plants, 
and are influenced by fluctuations of water level. In these 
deposits, some of the most complex trace fossils are pro-
duced by plants and insects. Each subfacies is character-
ized by a unique water level, ecological environment, and 
biotic community. Generally, trace makers of different 
biotic communities have a different ethology, resulting in 
different ichnoassemblages. On the other hand, some trace 
makers from different biotic communities have a similar 
ethology in the same environment, producing similar ich-
noassemblages. For example, the burrows made by insects 
living in aquatic and terrestrial environments may possess 
similar morphologic characteristics.
There are many types of trace makers in terrestrial fa-
cies. Chamberlain (1975) and Ratcliffe and Fagerstrom 
(1980) summarized different kinds of invertebrate dwell-
ing in the fluvial and related environments. These organ-
isms include four types as follows: (1) arthropods, like 
spiders, ants, termites, wasps, bees, crickets, centipedes, 
caddisflies, flies, and other kinds of insects in terrestrial 
and aquatic environments; (2) worms, like earthworms, 
leeches and nematodes in terrestrial and aquatic environ-
ments; (3) molluscs, like gastropods and mussels in terres-
trial and aquatic environments; (4) crustaceans in terrestri-
al and aquatic environments, including crayfish, shrimps, 
crabs, woodlouses, scorpions, ostracods and amphipods. 
In addition, some plant roots are closely related to many 
terrestrial and aquatic invertebrates, which may provide 
shelter and food for these animals and help to build bur-
rows.
Some complex burrow systems of social and solitary 
insects are often generated in dehydrated deposits (low 
water level). The social termites can make elaborate nests 
which are often developed in dry channel, floodplain and 
distal floodplain environments, and most of these burrows 
commonly occur in fully dehydrated soil. Changes in nest 
structure are dependent on moisture in soil and air.
Beetles always live in wet to dry environments and 
produce shelter nests for larvae and dwelling nests. Their 
nests can be useful for the determination of water level in 
the past. For example, beetles prefer to burrow in mud. 
They produce horizontal burrows near land-water inter-
face; however, scarabs prefer to burrow in dehydrated 
soils and deciduous grounds (Chamberlain, 1975). 
The fossil nests of social or solitary hornets and bees 
found in the Cretaceous of North America, South Amer-
ica and Africa (Bown, 1982; Bown and Ratcliffe, 1988; 
Genise and Bown, 1994, 1996) are similar to modern ones. 
These insects prefer to burrow in fully dehydrated soils or 
sediments.
Worms, mussels and gastropods can also indicate the 
change of water level. Earthworms live in low- to medi-
um-humid soils above the water level. After rain, many 
earthworms moves to grass or road to avoid drowning. 
Other small worms, such as annelids and nematodes, are 
wholly aquatic and always appear in high water level en-
vironments such as stream, river and pond. Mussels and 
gastropods are aquatic animals, and often burrow during 
the dry season, afterwards, while the water is subsiding, 
a series of directivity creeping traces are produced on the 
ground or sediment surface (Chamberlain, 1975). 
Aquatic and terrestrial crustaceans, especially the lob-
sters, can be used to identify water depth and indicate 
paleoenvironment. The earliest lobster fossils are found 
in the Triassic. According to how long burrows are oc-
cupied, complexity of burrow structures and the relative 
water level of modern lobsters, the lobsters burrows can 
be divided into three types: (1) the most complex bur-
rows, where lobsters live in and is not directly joined to 
open water; (2) the secondary complex burrows, where 
the living time in burrows is reduced and these burrows 
are directly joined to open water; (3) the simple burrows, 
where most living time of lobsters is in open water and 
only simple burrows to escape and breed are produced. 
The morphology of lobster burrows could reflect the 
depth of water as a modern analogy (shrimps and crabs) 
in transitional zone. The morphology of burrows and their 
distance below the sediment-water interface also reflect 
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the types of lobster in specified areas in a sedimentary 
system. For example, lobster burrows in the upper mem-
ber of the Triassic Chinle Formation in northeast Utah and 
west Colorado reflect these distribution characters (Hasi-
otis, 1993, 2002).  
Above-mentioned research indicates that there are 
aquatic arthropods, worms, mollusks and plant roots in 
fluvial depositional system and the types of trace makers 
and ichnoassemblages have obvious and important dif-
ferences in different fluvial sedimentary subfacies. In the 
channel subfacies (mainly in point bar and heart bar de-
posits), the main organisms are aquatic invertebrates, in-
cluding gastropods, bivalves, nematodes, lobsters, crabs, 
insect larvae, mud-like beetles and aquatic oligochaete 
worms and so on. Their burrows and surface traces are 
distributed in deposits of point bar, heart bar or aban-
doned channel. In profile, burrows are always distributed 
near or beneath water table and are nearly horizontal. 
Therefore, these burrows can indicate the position of the 
water table. In the embankment subfacies (mainly in 
natural levee, crevasse splay and near channel floodplain 
deposits), organisms are mostly lobsters, beetles, insect 
larvae, worms and plant roots. They fluctuate with water 
table and intermittent flooding. During flood season, wa-
ter table is high, sediment is water-rich, and environment 
condition is beneficial for aquatic or semi-aquatic organ-
isms such as mud-like beetles, insect larvae, and aquatic 
worms. The crawling traces on sediment surfaces and 
horizontal or U-shaped burrows are produced. However, 
during the dry season, the water table will fall, and the 
environment will become conducive to the breeding of 
terrestrial organisms, like ants, bees, hornets and rodents, 
and tend to host vertical burrow construction. Traces in 
these two kinds of habitats can overlap or alternate verti-
cally. In the floodplain subfacies (mainly distal channel 
and floodplain deposits above the water table), terrestrial 
organisms are common, for example, earthworms and 
annelids, crustaceans such as lobsters and crabs; insects 
such as termites, ants, bees, hornets and beetles; arthro-
pods such as spiders; and terrestrial plants.
Up to now, a lot of fluvial trace fossils have been found 
in the Mesozoic and Cenozoic terrestrial deposits of China, 
at least 24 ichnogenera. Most of these are feeding, graz-
ing, dwelling, resting traces and rhizoliths. The common 
ichnogenera are Ancorichnus, Beaconites, Cystichnium, 
Muensteria, Palaeophycus, Planolites, Psammichnites, 
Scoyenia, Steinichnus, Taenidium, Gordia, Paradidy-
maulichnus, Monomorphichnus, Oniscoidichnus, Pel-
ecypodichnus, Rusophycus, Arenicolites, Cylindricum, 
Gastruichnus, Polykladichnus, Skolithos, Stipsellus, 
Thalassinoides, and Trichichnus. These trace fossils are 
preserved mainly as endichnia, epichnia and hypichnia in 
fine sandstone, siltstone, sandy mudstone and mudstone. 
This paper lists 6 ichnoassemblages found commonly in 
fluvial sedimentary environments from the Upper Creta-
ceous of the Sichuan Basin (Figure 2) and Xixia Basin of 
western Henan Province (Figures 3, 4, 5).
2.1 Scoyenia-Rusophycus  ichnoassemblage 
This ichnoassemblage is characterized by grazing and 
crawling traces on bedding planes and endichnial feed-
ing traces. The main trace fossils are Scoyenia, Steinich-
nus, Cystichnium, Planolites, Gordia, Monomorphichnus, 
Oniscoidichnus, Paradidymaulichnus, Pelecypodich-
nus and Rusophycus. These trace fossils are mainly de-
veloped in the red-violet, thin- to medium-bedded fine 
sandstones and thin-bedded muddy siltstone or sandy 
mudstone, with medium- to small-scale cross-beddings 
in fine sandstone. Climbing ripple lamination, wavy bed-
ding and horizontal bedding are common in siltstone and 
sandy mudstone. The associated inorganic sedimentary 
structures with trace fossils on bedding planes (hypichnia 
and epichnia) are asymmetrical ripple marks, rill marks, 
mud cracks, raindrop impressions and so on. With regard 
to the relationship of ripple marks and mud cracks, al-
most all the samples reflect the former is earlier than the 
latter. Some traces are distributed on the ripple marks or 
across the mud cracks. From the above sedimentary char-
acters, it reveals that: (1) the paleoclimate was arid at that 
time; (2) the active zones of trace makers are floodplain 
along channel and shallow water swales or oxbow lakes; 
(3) the active substrate of trace makers is semi-consol-
idated, with muddy sands that were alternately dry and 
wet. When the substrate is wet, there are large amount 
of organismal activities. When the substrate is dry and 
mud cracks are developed, the organisms escape or bur-
row deep into the substrate. Obviously, the alternation is 
closely related with the seasonality in precipitation and 
flooding. This ichnoassemblage is commonly generated 
in floodplains along channel and shallow water swales or 
oxbow lakes (Figure 2B, 2C).
2.2 Skolithos-Arenicolites  ichnoassemblage 
This ichnoassemblage is characterized by vertical 
dwelling burrows in high abundance but with low diversi-
ty. The main trace fossils are Arenicolites and Skolithos. A 
small amount of irregular Thalassinoides and boring traces 
may be found locally. This ichnoassemblage is commonly 
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developed in medium- to thick-bedded fine sandstones 
with parallel bedding or large-scale tabular cross-bedding. 
A few muddy conglomerates can be found in the middle to 
lower part of sandstone beds, even the lag beds, scouring 
structures such as flute casts and tool marks are present 
at the bottom of sandstone beds. The monotonous vertical 
dwelling burrows mainly appear in the high-energy sandy 
bar deposits with consolidated substrates. The trace mak-
ers are suspension-feeders. It reflects a high energy sandy 
bar (heart bar or point bar) environments in the channel 
(Figure 2A).
2.3 Gastruichnus-Palaeophycus ichnoassemblage
This ichnoassemblage consists of trace fossils with 
higher abundance and diversity, with common composi-
tion such as Gastruichnus xixiaensis, Palaeophycus tu-
bularis, Palaeophycus megas, Skolithos isp., Beaconites 
capronus and Beaconites coronus mainly developed in 
the medium- to thick-bedded fine sandstone. It indicates 
the high oxygen content in water. Among these trace fos-
sils, Gastruichnus xixiaensis and Beaconites coronus are 
dwelling (associated with feeding activity) burrows, ar-
ranged almost perpendicular (high angle) to the bedding 
plane, revealing a medium-energy water current. The ich-
nogenus Palaeophycus is a kind of large feeding burrows 
distributed along the bedding planes of fine sandstone with 
parallel bedding and gentle wavy bedding, which indicates 
the water body is stable and beneficial for the trace maker’s 
activity. This ichnoassemblage is commonly developed in 
channel-levee environment (Figure 4).
2.4  Beaconites-Taenidium ichnoassemblage
The ichnoassemblage is marked by Beaconites coro-
nus, Beaconites antarcticus, Taenidium irregularis and 
Palaeophycus tubularis. These trace fossils, with high 
abundance and low diversity, are mostly burrows with me-
Figure 2 Sedimentary and ichnological characteristics of a meandering stream sequence in the Upper Cretaceous Jiaguan Formation 
of Sichuan Basin.
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niscus backfill structures and are preserved in purplish thin 
muddy siltstone intercalated with reddish mudstone bands 
associated with wavy or discontinuously wavy bedding. 
Based on these characters, this ichnoassemblage is thought 
to occur in embankment (including crevasse splay) sedi-
mentary environments (Figure 4).
2.5 Beaconites-Rhizoliths ichnoassemblage
This ichnoassemblage is mainly composed of Beaco-
nites coronus, Steinichnus cf. largus and rhizoliths. These 
trace fossils have a lower abundance and diversity and 
occur in the red-violet silty mudstone locally containing 
ginger stones, which is interpreted as an arid climatic envi-
ronment. The rhizoliths indicate a terrestrial environment 
and temporary or extremely shallow water conditions. 
Therefore, this ichnoassemblage is hypothesized to form 
in a floodplain sedimentary environment (Figure 4). 
2.6 Beaconites-Scoyenia ichnoassemblage 
The main trace fossils in this ichnoassemblage are feed-
ing traces like Beaconites coronus, Beaconites antarcticus, 
Taenidium irregularis, Palaeophycus tubularis, Palaeo-
phycus cf. sulcatus and Scoyenia gracilis. Generally, the 
trace fossils with high abundance and medium diversity 
are arranged along or inclined at high angle to the bedding 
plane. This ichnoassemblage is mainly developed in thin-
bedded grayish green siltstone, silty mudstone or muddy 
siltstone, and is always associated with ripple marks and 
wavy or gentle wavy bedding, which reflects low energy 
conditions of water. Thus, this ichnoassemblage is com-
monly thought to appear in the periodically exposed over-
bank lake (extremely shallow lacustrine) sedimentary en-
Figure 3 A palaeogeographical model of the sedimentary and ichnological characteristics of fluvial deposits in the Upper Cretaceous 
of Xixia Basin, southwestern Henan Province. A-Sedimentary sequence of alluvial fan deposits; B-Sedimentary sequence of braided 
stream deposits; C-Sedimentary sequence of meandering stream deposits.
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Figure 4 Distribution of trace fossils in the fluvial subfacies of the Upper Cretaceous from Xixia Basin of southwestern Henan 
Province.
Figure 5 Characteristics of trace fossils occurring in overbank lake sedimentary environment of the Upper Cretaceous from Xixia 
Basin of southwestern Henan Province.
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vironment (Figure 5).
3 Ichnoassemblages in lacustrine  
deposits in China
The distribution of ichnocoenoses in lacustrine facies 
is closely related to the position occupied by trace makers 
within the lake. Generally, according to the size and open 
degree of a lake basin, fluctuation of water table and nutri-
ent levels of lake water, the distribution of trace makers 
in lacustrine deposits are divided into three ecological en-
vironment zones, i.e., eulittoral (lakeshore), littoral (lake 
beach) and inner lake (permanently lacustrine).
The eulittoral area is located on the land side of the 
lakeshore zone. In the deposit area, when water table de-
clines to very low levels, the substrate will be exposed 
and desiccated, simultaneously, the plants, terrestrial-like 
and hydrophilic organisms will grow, whereas the depos-
it area will also be affected by winds and waves when a 
strong storm comes. The main traces include burrows and 
grazing traces produced by tiger beetles, mud-like bee-
tles, mole crickets, crickets, lobsters and bivalves. On the 
lakeshore, footprints and resting traces may be produced 
by birds, mammals and reptiles, and the morphology of 
burrows there is often affected by the water table.
The littoral area is located between the shore saturated 
zone and the lowest water table of lake basins. The trace 
makers are affected by the waves, duration of desiccation 
and nutrient level of lake water. Many organisms occur 
in high water table zone, like deposit feeding beetles, bi-
valves, oligochaetae worms, lobsters and crabs. These ani-
mals can produce large, shallow and complex burrows and 
may migrate between eulittoral and littoral areas, which 
tend to form overlapping ichnoassemblages with the influ-
ence of seasonal fluctuations.
The inner lake (permanently lacustrine) area is located 
in the deeper lake area rarely affected by fluctuations of 
the water table. Many benthonic fauna live in the deeper 
lake. Common organisms include larvae of aquatic insects, 
worms, arthropods and mollusks. Based on the distribu-
tion of organisms in modern lakes, Chamberlain (1975) 
discovered their distribution is related to bathymetry. Most 
organisms live at 10-20 m depth, like leeches, platyhel-
minthes, polychaetes, isopods, gastropods and larvae of 
dragonflies and trichoptera. The larvae of bivalves and 
midges can live at depths of dozens of meters in water. 
Meanwhile, amphipods and oligochaete worms may be 
able to live at any lake depth. 
Lacustrine ichnology has been much improved with 
on-going terrestrial resource exploration. Since the 1990s, 
the study of reservoir sedimentology in the Mesozoic-
Cenozoic terrestrial basins has been developing rapidly 
in China, especially in some large basins containing pe-
troleum and natural gas such as the Jiyang Depression of 
Shandong Province, Liaohe Basin of northeastern China, 
Erdos Basin and Tuha Basin of northwestern China, and 
the Dongpu Depression of Henan Province. Meanwhile, 
the sedimentological research greatly promoted the 
ichnological studies, with a large number of lacustrine 
trace fossils having been discovered in the Jiyang De-
pression of Shandong Province, Liaohe Basin of north-
eastern China, Jiyuan Basin and Puyang Sag of Henan 
Province. There have been at least 59 ichnogenera iden-
tified. The major trace makers are arthropods, mollusks 
and worms. The common ichnogenera include feeding 
traces Ancorichnus, Beaconites, Chondrites, Cystichni-
um, Fuersichnus, Glockeria, Muensteria, Palaeophycus, 
Phycodes, Paracanthorhaphe, Planolites, Psammich-
nites, Scoyenia, Steinichnus, Taenidium, Terebellina, 
Teichichnus, Tuberculichnus; grazing traces Cochlich-
nus, Helminthopsis, Mermoides, Gordia, Helminthoid-
ichnites, Multilagueichnus, Neonereites, Paradidymau-
lichnus, Pilichnus, Patellarisichnus, Semirotundichnus, 
Vagorichnus; crawling traces Cruziana, Diplichnites, 
Monomorphichnus, Oniscoidichnus; resting traces Liao-
husichnus, Rusophycus, Pelecypodichnus, Sagittichnus; 
and dwelling traces Arenicolites, Bifungites, Brevitubus, 
Cylindricum, Linearis, Margaritichnus, Monocraterion, 
Arenicolites, Diplocraterion, Gastruichnus, Ophiomor-
pha, Polykladichnus, Skolithos, Stipsellus, Thalassi-
noides, Tigillites, Trichichnus, coprolite Farreina, Lum-
bricaria and rhizoliths. These trace fossils are preserved 
as endichnia, epichnia and hypichnia, and generated in 
fine sandstone, siltstone, sandy mudstone and mudstone. 
Based on the research of lacustrine trace fossils in these 
terrestrial sedimentary basins, six types of ichnoassem-
blages are considered to be particularly common. Their 
composition and environmental distribution are de-
scribed as follows (Figure 6).
3.1 Scoyenia-Skolithos ichnoassemblage
The ichnoassemblage is made up of Scoyenia, Beaco-
nites, Taenidium, Planolites, Skolithos, Thalassinoides, 
Palaeophycus, Cystichnium, Gordia, Sagittichnus, Favrei-
na and rhizoliths. They are mainly feeding, dwelling and 
crawling traces preserved epichnia and endichnia on bed-
ding planes of sandstone, siltstone and sandy mudstone. 
The ichnoassemblage is always developed in periodically 
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exposed or extremely shallow lakeshore and interdistribu-
tary bays of lake deltaic plain under drought or semiarid 
climate conditions.
3.2 Palaeophycus-Arenicolites ichnoassemblage
The common ichnogenera in this ichnoassemblage are 
Palaeophycus, Arenicolites, Skolithos, Cylindricum, Pol-
ykladichnus, Thalassinoides, Ophiomorpha, Diplocrate-
rion, Trichichnus, Tigillites, Beaconites, Ancorichnus and 
Planolites. Most of them are vertical or inclined tubes and 
appear in groups. The dominant ethology is dwelling trac-
es, secondly feeding traces, and occasional escape traces 
in sandstones. These trace fossils are preserved as endich-
nia, and are always produced in fine- to medium-grained 
sandstone associated with cross-beddings, sometimes in 
laminated siltstone and sandy mudstone. This ichnoassem-
blage is commonly distributed from lakeshore to the upper 
part of shallow lake or lake delta plain to delta front. In 
profile, it always appears in the interbedded sandstone and 
mudstone of alternating lakeshore and upper shallow lake 
environments. 
3.3  Planolites-Teichichnus ichnoassemblage
The ichnoassemblage is composed of Planolites and 
Teichichnus, which is characterized by the dense distri-
bution of small Planolites. Therefore, it is commonly 
referred to as the Planolites ichnoassemblage. Other as-
sociated ichnofossils include Gordia, Helminthopsis, 
Brevitubus, Cruziana, Palaeophycus, Arenicolites, Sagit-
tichnus and Margaritichnus. Moreover, a small amount 
of Chondrites are found, which indicate oxygen-deplet-
ed environments. These trace fossils mostly are feeding 
and crawling traces (a minor amount of dwelling traces) 
preserved as endichnia and epichnia in intercalated thin-
bedded dark mudstone and grey siltstone, muddy siltstone 
and sandy mudstone. Most burrows are parallel or gently 
inclined to the bedding plane and the color of burrow fill-
ings is lighter than surrounding rocks. The ichnoassem-
blage reflects the sedimentary environments of medium 
to low water energy, locally poorly oxygenated, such as 
the lower part of a shallow lake, restricted lake bay and 
the distal delta front.
3.4 Vagorichnus-Helminthopsis ichnoassemblage 
This ichnoassemblage is developed in the Lower Ju-
rassic Anyao Formation of the Jiyuan Mesozoic Basin, 
western Henan Province. It mainly consists of feeding 
and crawling traces. Common trace fossils are Cochlich-
nus anguineus, Helminthoidichnites tenuis, Helminthop-
sis abeli, Helminthopsis hieroglyphia, Monomorphichnus 
lineatus, Neonereites biserialis, Paracanthorhaphe tog-
wunia, Tuberculichnus vagans, and Vagorichnus anyao, 
most of which are hypichnia preserved in light grey cal-
cilutite and grey yellow thin- to medium- to thick-bedded 
calcareous siltstone. The rocks belong to deeper lacustrine 
(profundal) turbidite deposits containing rare body mega-
fossils except for a few plant debris. In addition, the trace 
fossils Fuersichnus, Glockeria, Gordia, Megagrapton and 
Planolites have been found in the deeper lacustrine turbid-
ites of the Upper Cretaceous Yaojia Formation from the 
Songliao Basin, northeastern China (Zheng et al., 2000). 
This ichnoassemblage reflects the deeper lacustrine (pro-
fundal) turbidite sedimentary environment.
3.5 Mermoides-Neonereites ichnoassemblage
Ichnogenus Mermoides is a tiny simple irregular feed-
ing trace found in the Shahejie Formation of Jiyang De-
pression, Shandong Province. Mermoides is abundant 
in deeper water deposits of the Jiyang Depression and a 
representative of the ichnoassemblage. It is preserved as 
an endichnia in dark grey, thin or laminated mudstone. 
Generally, the burrow is parallel or slightly inclined to the 
bedding plane. Mermoides is similar to Mermia in size and 
occurrence. But Mermia shows clear ring-shaped tracks, 
whereas Mermoides is irregular. Common trace fossils in 
this ichnoassemblage are Mermoides chezhenensis, Mer-
moides latiusculus, Pilichnus lacustris, Neonereites unise-
rialis, Helminthoidichnites cf. tenuis, Helminthopsis abeli, 
Vagorichnus cf. anyao, Multilagueichnus lingpanensis, 
Chondrites lacustris, Cochlichnus anguineus, Gordia 
marina, Planolites ichnosp. and Favreina cf. joukowskyi. 
These trace fossils are distributed along bedding planes, 
dominated by horizontal or sub-horizontal feeding or graz-
ing traces with a small amount of branched feeding traces 
and some cubichnia. This ichnoassemblage is mostly de-
veloped in dark grey mudstone or shale with horizontal 
lamination, associated with multilayer carbonates and tur-
bidites and some deeper water body fossils like ostracods 
and gastropods as well as tiny thin-shelled bivalves, fish 
and their scales and fin debris. Thus, this ichnoassemblage 
is thought to form in a quiet deep lacustrine sedimentary 
environment.
3.6 Semirotundichnus-Chondrites ichnoassem-
blage
This ichnoassemblage is composed mostly of semi-
circular and saucer-shaped grazing trails (Pascichnia) 
and Agrichnia, and is found in the Paleogene Shahejie 
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Figure 6 A model of the distribution of ichnoassemblages in lacustrine sedimentary environments from the Jiyang Depression of 
Shandong Province in China.
Formation of Dongying Sag in the Jiyang Depression of 
Shandong Province and Miyang Sag of southern Henan 
Province. Ichnogenus Semirotundichnus in the ichno- 
assemblage is a small horizontal trail distributed widely 
in the dark mudstone and silty mudstone of relatively 
deep lake deposits. It is a representative trace fossil in 
this ichnoassemblage. Common trace fossils are Semi-
rotundichnus dongyingensis, Patellarisichnus boxingen-
sis, Neonereites uniserialis, Circinansichnus boxingen-
sis, Chondrites lacustris, and Planolites ichnosp. These 
trace fossils are abundant and unique in the Paleogene 
deep lacustrine sedimentary environments of northern 
China, and almost all of them are developed in dark 
grey, dark thin-bedded mudstone or silty mudstone with 
pronounced horizontal lamination. Compared with the 
Mermoides-Neonereites ichnoassemblage, the charac-
teristics of these trace fossils and their host rock indi-
cate that the ichnoassemblage forms in an even deeper 
lacustrine sedimentary environment with a low oxygen 
content. 
4 Conclusions
The above-mentioned discussion shows that the ter-
restrial ichnofossils found in China comprise 83 ichno-
genera, of which 24 ichnogenera occur in fluvial deposits 
and 59 ichnogenera appear in lacustrine deposits. These 
ichnofossils are mostly generated in Mesozoic basins (like 
Sichuan, Erdos, Tarim, Qaidam Basins of western China; 
Jiyuan and Xixia Basins of western Henan Province) and 
Cenozoic basins (like Jiyang Depression of eastern China 
and Liaohe Basin of northeastern China).
Based on composition, occurrence and distribution of 
ichnofossils in the subfacies of fluvial and lacustrine fa-
cies, 36 ichnoassemblages have been proposed in papers 
published within the last 30 years in China. The most com-
mon groups in fluvial facies include Scoyenia-Rusophy-
cus, Skolithos-Arenicolites, Gastruichnus-Palaeophy-
cus, Beaconites-Taenidium, Beaconites-Rhizoliths and 
Beaconites-Scoyenia ichnoassemblage that are mostly 
generated in the Upper Cretaceous of the Sichuan Basin 
of western China and Xixia Basin of western Henan Prov-
ince. The most common groups in the lacustrine facies 
are the Scoyenia-Skolithos, Palaeophycus-Arenicolites, 
Planolites-Teichichnus, Vagorichnus-Helminthopsis, Mer- 
moides-Neonereites, and Semirotundichnus-Chondrites 
ichnoassemblages that are mainly produced in the Jurassic 
of Jiyuan Basin of western Henan Province and the Paleo-
gene in Jiyang Depression of Shandong Province and Li-
aohe Basin of northeastern China.
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